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ĂAbstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S108the femur and tibia/ﬁbula were created from the image. Anatomic coor-
dinate systems were embedded in each bone model.
Three-dimensional position and orientation of the femur and tibia/ﬁbula
were determined using model-image registration techniques.
Estimated tibiofemoral contact points on the medial and lateral plateaus
were computed as the geometric center of the region having less than
6mm tibiofemoral separation. An average mediolateral center of axial
rotation on the tibial plateau was determined for each activity from the
contact point data. The center of rotation was expressed as a percentage of
the tibial width, -50% (lateral) to +50% (medial)
Paired t tests were used to compare the ranges of axial rotation and the
centers of rotation between gait and squat. The level of signiﬁcancewas set
at p<0.05.
Results: During squat, the femur rotated externally with knee ﬂexion, and
the average range of axial rotationwas 19.05.7  from full extension to 90
ﬂexion (Fig.1). During gait, the femur internally rotated from heel strike to
about 75% gait cycle, and externally rotated thereafter. The average range of
axial rotation during the whole gait cycle was 10.12.6(Fig.2), and was
signiﬁcantly less than that during squat (p¼0.002).
During squat, tibiofemoral contact location of both medial and lateral
compartments translated posteriorly with knee ﬂexion, and the translation
in the lateral compartment was greater than the medial compartment
(Fig.3) . The mediolateral center of rotation showed medial pivot pattern,
and the average value was 2919%. During gait, both contact points
translated posteriorly twice during the gait cycle, ﬁrst in the 0-20% gait
cycle and second in the 50-80% gait cycle(Fig.4). The average mediolateral
center of rotation exhibited lateral pivot pattern, and the average valuewas
-1311%, which was signiﬁcantly lateral than that during squat (p<0.001).
Conclusions: In vivo knee kinematics during gait was signiﬁcantly
different from the squat. While squat kinematics exhibited medial pivot
pattern, gait kinematics showed lateral pivot pattern and less axial rotation




EFFECT OF SAGITTAL-PLANE FOOT CENTER OF PRESSURE
MANIPULATION ON HIP JOINT BIOMECHANICS DURING GAIT
D. Solomonow-Avnon 1, A. Haim 1,2, A. Wolf 1. 1 Technion Israel Inst. of
Technology, Haifa, ISRAEL; 2 Sourasky Med. Ctr., Tel Aviv, Israel
Purpose: Manipulation of foot center of pressure (COP) inﬂuences knee
mechanics and gait patterns in healthy subjects. Footwear allowing change
in COP may reduce pain and increase functionality and quality of life in
knee OA patients by unloading the diseased joint compartment and
provoking a more normal gait. There is a lack of controlled trials assessing
the effects of footwear used to treat OA on the hip. The goal of this study
was to establish a relationship between speciﬁc changes in COP in the
sagittal plane and resulting gait parameters associated with the hip in
healthy subjects, and to provide a foundation for future study in the hip OA
population. We hypothesized that sagittal-plane shift of COP would
signiﬁcantly affect gait kinetics and kinematics associated with the hip.
Methods: Ten healthy young males underwent gait analysis in an anterior
COP (A-COP) and posterior COP (P-COP) condition. COP was manipulated
using a novel biomechanical device (AposTherapy System) (Figure 1).
Dependence of sagittal-plane kinematics and kinetics on COP location
was determined using Wilcoxin signed ranks tests (p<0.05 ¼ signiﬁcant,
p<0.1 ¼ trend).
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S109ĂFigure 1: COP manipulation was accomplished using a platform in the
form of a shoe in which 2 adjustable convex-shaped biomechanical
elements are attached to the feet by means of a shoe sole specially
designed with 2mounting rails. One element is located under the hindfoot
and the other under the forefoot, enabling continuous positioning of each
element in multiple planes.
Results: Peak external ﬂexion moment and the associated ﬂexion angle at
the time of peak moment increased 16% (p¼0.093) and 6% (p¼0.017) from
A-COP to P-COP, respectively. Peak external extension moment and the
associated extension angle at the time of peak moment increased 10%
(p¼0.047) and 4% (p¼0.035) from A-COP to P-COP, respectively. Flexion
impulse increased 51% (p¼0.047) from A-COP to P-COP. Range of motion
(ROM) increased 6% (p¼0.011) from A-COP to P-COP (Table 1).Table 1








Flexion Angle @ Peak Flexion
Moment [deg]
28.16(5.74) 29.71(5.59)






ROM [deg] 39.13(2.78) 41.42(2.46)Conclusions: In accordance with our hypothesis, sagittal COP manipula-
tion signiﬁcantly altered gait kinetics and kinematics associated with the
hip. This may have clinical implications for hip OA. Hip OA patients may
walk with reduced extension moment and ROM which are signiﬁcantly
correlated with increased level of pain and are pain-avoidance mecha-
nisms that may reduce load on the femoral head. This antalgic mechanism
may be at the cost of an asymmetric gait that is detrimental to other joints
in the trunk and lower limbs. Also, increased ﬂexion moment may be
linked to development of anterior hip pain. In addition, ﬂexion impulse
may be an indicator of muscle forces, and hence load, acting on the joint.
Thus, an anterior COP, which reduces extension and ﬂexion moments,
ﬂexion impulse, and ROMmay reduce pain and load on the joint and allow
a more normal and symmetric gait. This remains to be shown in hip OA
patients.
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PROXIMAL, LOCAL AND DISTAL GAIT ADAPTATIONS TO FOOT ORTHOSES
IN INDIVIDUALS WITH PATELLOFEMORAL JOINT OSTEOARTHRITIS: AN
EXPLORATORY STUDY
N.J. Collins 1, H.E. Ozturk 1, T.W. Dorn 1, A.G. Schache 1, M.G. Pandy 1, K.M.
Crossley 1,2. 1 The Univ. of Melbourne, Melbourne, Australia; 2 The Univ. of
Queensland, Brisbane, Australia
Purpose: Patellofemoral joint (PFJ) osteoarthritis (OA) is increasingly being
recognised as an important source of knee pain and morbidity, and may be
related to greater PFJ stress. Increased foot pronation, hip internal rotation
(IR) and hip adduction during gait, as well as greater knee extension
moment, may heighten PFJ stress. As such, interventions that decrease
these variables could potentially reduce PFJ stress. Foot orthoses canchange kinematics in young adults with PFJ pain, but are yet to be inves-
tigated in an older cohort with OA. This study investigated the immediate
effects of foot orthoses on speciﬁc kinematics and joint torques during
walking in individuals with PFJ OA.
Methods: A within-subjects, repeated measures trial utilised participants
with PFJ OA who were involved in a larger randomised clinical trial (age 
40 years; PFJ osteophytes on skyline radiographs; anterior knee pain
during activities that load the PFJ e.g. steps or squatting; tibiofemoral joint
OA K&L grade < 3). Baseline pain severity (pain during walking on a 10cm
visual analogue scale; Knee Injury and Osteoarthritis Outcome Score
(KOOS)) was recorded to characterise the cohort. Data were collected
during walking under two conditions: i) sandal (Nike Strap Runner); and
ii) sandal with prefabricated foot orthoses (Vasyli International) for 10
walking trials (self-selected speed) using a nine-camera VICON motion
analysis system (Oxford Metrics, Oxford, UK), and three AMTI force plates.
An eight-segment biomechanical model was constructed using OpenSim
software (Simbios, Stanford University, CA, USA) and used to compute all
kinematic and torque data. For each participant, peak angles were calcu-
lated for subtalar eversion, ankle dorsiﬂexion, and hip adduction and IR, as
well as peak knee extension torque. Changes in peak angle or torque with
orthoses compared to shoes alone were plotted to evaluate patterns of
change at the foot, ankle, knee and hip.
Results: 19 participants completed the study (12 females; age 559;
baseline pain with walking 1.81.9cm; KOOS pain 6820, symptoms
7014, activities of daily living 7816, sport/recreation 5721, quality of
life 5217). Consistent kinematic adaptations were seen at the foot and
ankle, with the majority of participants who demonstrated changes in
peak angles showing reductions in peak subtalar eversion (7/10, 70%) and
ankle dorsiﬂexion (13/17, 76%). More than half the cohort showed reduc-
tions in knee extension moment with orthoses (12/19, 63%), while the
majority of those who demonstrated change in hip adduction with
orthoses had reduced peak adduction (10/14, 71%). Greater variability in
response was seen for hip IR; 3/19 (15%) showed no change, 7/19 (37%)
showed reduced peak IR while the remainder had an increase in peak IR
(6/19, 32%).
Conclusions: Individuals with PFJ OA who demonstrate distal gait adap-
tations to foot orthoses show consistent reductions in subtalar eversion
and ankle dorsiﬂexion, which are components of foot pronation. This
suggests that foot orthoses may have potential to reduce PFJ stress via
adaptations at the foot and ankle. Furthermore, reductions in knee
extension torque were seen in the majority of participants, and indicate
another potential mechanism for reducing PFJ stress. However, greater
variability in proximal adaptations to foot orthoses at the hip suggests
potential for subsequent decreases or increases in PFJ stress. Findings of
this exploratory study highlight the need for further research regarding
the relationship between foot orthoses and PFJ stress, and suggest that
individual responses, particularly more proximally, are an important
considerationwhen prescribing foot orthoses as an intervention for PFJ OA.
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THE INFLUENCE OF PAIN OBESITY AND QUADRICEPS STRENGTH ON
THE GAIT OF OSTEOARTHRITIS PATIENTS
S.R. Pais 1,2, M. Espanha 1,3, C. Silva 4. 1 Interdisciplinary Ctr. for the Study of
Human Performance (CIPER), Lisbon, PORTUGAL; 2 Sch. of Hlth., University of
Algarve, PORTUGAL; 3 Fac. of Human Kinetics-UTL, Lisbon, PORTUGAL;
4 Portuguese Inst. of Rheumatology, Lisbon, PORTUGAL
Purpose: Walking is a fundamental basic daily activity. Patients with
osteoarthritis (OA) are known to have an altered walking pattern. Our goal
was to contribute to the understanding of the inﬂuence of pain quadriceps
strength and obesity on this gait pattern.
Methods: Fifty-eight subjects (45 female, 13 male) with Knee OA diag-
nosed according to American College of Rheumatology clinical and
radiological criteria (Kellgren-Lawrence grade 2 or 3), between the ages
51-82 (mean¼ 65,27,9 year), BMI 20.3-49.3 kg/m2 (mean ¼ 29.4  5.2),
height 1.45-1.76 m (mean ¼ 1.59  0.07) and weight 47- 100 kg (mean ¼
72,9  11.0) were recruited from an initial cohort of 89 subjects. Gait was
assessedwith the Novel PEDAR system, during a 8mwalkway. To limit the
inﬂuence of initial acceleration and terminal desaccelaration, data was
treated in the mid 6m. Pain was measured with the Western Ontario and
